Abstract: We aimed to examine sleep patterns and their association with depression and behavior problems among Chinese adolescents in different grades. A cross-sectional study was conducted in 10 cities of mainland China. A total of 8,998 Chinese adolescents (49.3% males) aged 9-20 years completed a self-administered questionnaire that included questions on sleep patterns, depressive symptoms, behavior problems, and demographic characteristics. The percentage of adolescents who slept less than 7 hr on weekdays increased with grade, while the percentage of adolescents who slept less than 7 hr on weekends remained the same. The gap in sleep length between weekdays and weekends increased from 0.6 hr in grade 5 to 2.3 hr in Grade 12. The regression analysis showed that poor sleep habits were linked to greater emotional and behavioral problems. The associations of sleep length with those problems differed by symptom and grade. Sleeping less related to depression in all grades. More behavior problems were observed in primary school students who had less sleep and in senior high school students who had more sleep than their peers. The preference for going to bed late stably related to both adolescent depression and behavior problems in all grades, although it posed a greater risk for students in higher grades.
In recent years, researchers have begun to focus on sleep and its relationship with daily psychological health (Gau et al., 2007; Gregory, Rijsdijk, Dahl, McGuffin, & Eley, 2006; Lemola, Schwarz, & Siffert, 2012) . Gradisar, Gardner, and Dohnt (2011) reviewed 41 surveys on sleep patterns and found that only 16 of them reported at least one parameter that was indicative of distress or functional impairment, which highlights the importance of healthy sleep for adolescents and the impact on aspects of their lives. The transition to adolescence comprises marked changes in physiology and sleep-wake patterns (Roenneberg et al., 2004) . Adolescents prefer to sleep later (Carskadon, Vieira, & Acebo, 1993) , sleep less (McKnight-Eily et al., 2011) , and more irregularly (Crowley, Acebo, & Carskadon, 2007; Hansen, Janssen, Schiff, Zee, & Dubocovich, 2005) compared to when they were younger. These aforementioned characteristics have been found all over the world, but their impact on adolescents is "a relatively understudied yet significant component" (Gradisar et al., 2011, p. 117) .
Several studies have found that sleep problems are closely related to mental health, including depression and behavior problems (Gregory et al., 2006; Meijer, Habekothe, & Van Den Wittenboer, 2000; Viot-Blanc et al., 2006; Wolfson & Carskadon, 1998) . Sleep length, bedtime, and bedtime regularity were considered to be associated with depression (Matamura et al., 2014) . Cross-sectional studies have found that short sleep length or late bedtime related to depression in adolescents (Furihata et al., 2011; Oshima et al., 2010) . Some prospective cohort studies have also shown that short sleep length was a strong predictor of subsequent psychological distress, such as depression (Glozier et al., 2010; Silva et al., 2011) , in adolescents.
As for behavior problems, studies have shown that sleeping for less than 7 hr a day is significantly associated with more behavioral problems, poor daytime function, and school performance (Dewald, Meijer, Oort, Kerkhof, & Bögels, 2010; Liu & Zhou, 2002; Short, Gradisar, Lack, & Wright, 2013) . Insufficient sleep is associated with higher odds of current use of cigarettes, alcohol, serious consideration of attempting suicide, and physical fighting (McKnight-Eily et al., 2011) . Adolescents who preferred to sleep late were more likely to have decreased impulse control, behavioral problems, and habitual substance use (Gau et al., 2007; van der Heijden, de Sonneville, & Swaab, 2013) .
Since adolescence is a rapidly changing phase (Kail, 1991) , the influences of sleep pattern on emotion and behavior may be quite different across ages. More studies that explore the relationship between sleep, depression, and behavior problems among adolescents while considering the age effect are needed. A sample from China is especially needed. Although some researchers (Guo et al., 2014; Liu, Zhao, Jia, & Buysse, 2008) have described some of the sleep features and correlations among Chinese adolescents, cross-age nationwide studies are lacking.
The aims of the current study were: (1) to identify Chinese adolescents' sleep patterns across ages; (2) to explore the relationship between sleep and depression in adolescents of different age groups; and (3) to explore the relationship between sleep and behavior problems in adolescents of different age groups.
Methods

Sampling and procedure
The data for the present study were derived from the National Survey of Adolescent Mental Health in China. The urban school sample is a nationally representative sample of adolescents in grades 5-12 who attended urban schools in China during the 2008-2009 school year. Nine cities that covered four geographical regions (east, middle, west, and northeast) of China were selected, including one metropolis (i.e., Beijing), four provincial capitals (e.g., Urumchi), and four middle-sized cities (e.g., Benxi). Then, seven schools (two primary schools, two junior high schools, two senior high schools, and a vocational school) were selected in each city. A total of 7,765 students were included in the core sample. The rural schools sample included 1,237 students from seven schools from the rural areas of three cities.
All participants and their parents gave informed consent before participation. The confidentiality and anonymity of the participants' responses to the questionnaire were ensured. The administration of the adolescent self-reported and teacher-reported questionnaires took place in their classroom. After describing the purpose and procedures of the study, trained research assistants distributed the questionnaires to the participants and instructed them to complete the questionnaires independently. Participants were assured of the confidentiality of their responses and the voluntary nature of their participation. The adolescents took the parents' questionnaires home and returned the finished questionnaires to school. All procedures had been approved by the Institutional Review Board of the Institute of Psychology, Chinese Academy of Sciences. The response rates of the urban and rural school parents' questionnaires were 93.5% and 68.8%, respectively. The lower response rate of rural parents was due to the parents' low reading ability, and their need to leave home for work.
The descriptive statistics (Table 1 ) indicated that 9.7% of the fathers and 18.1% of the mothers had an educational level no higher than primary school. These data for students in junior high school, senior high school, college, Regarding current economic status, 9.2% of the participants' families were reported to be "well-off," 68.6% were "average," 16.8% were "below average," and 5.4% were "relatively difficult."
On average, the participants scored 9.72 AE 7.03 on the 13-item Center for Epidemiological Studies -Depression Scale (CES-D), with no significant sex difference (t = .179, p = .54) or urban-rural difference (t = -.006, p = .062). The adolescent-reported score on the CES-D for delinquency was 5.31 AE 3.97, and the parent-reported delinquency score was 3.43 AE 3.11. Boys scored significantly higher than girls on both self-reported delinquency (6.34 AE 4.33 vs. 4.26 AE 3.24, p < .01) and parent-reported delinquency (4.13 AE 3.48 vs. 2.76 AE 2.54, p < .01).
Sleep habits and sleep length
The questions about wake-up time and bedtime on weekends and weekdays were adapted from the Pittsburgh Sleep Quality Index. Four questions were about participants' sleep habits: The participants filled out the exact hours and minutes. The sleep lengths of weekday and weekend sleep were calculated separately based on participants' responses to those four questions. Eveningness was measured by the Morningness-Eveningness Scale for Children (MESC; Carskadon et al., 1993; Gau et al., 2007) , which consists of 10 questions regarding morningness-eveningness with a sum score ranging from 10 to 43. The lower the score, the more inclined to sleep late. The Cronbach's alpha of the MESC was .77.
Depressive symptoms
A short version of the CES-D was used. The CES-D was designed to measure depressive symptoms during the previous week (Radloff, 1977) and has been used extensively with adolescents (Roberts, Andrews, Lewinsohn, & Hops, 1990) . The Chinese version of the CES-D has been used in various samples, including in Chinese adolescents (Yang, Soong, Kuo, Chang, & Chen, 2004) . The CES-D-13 was internally consistent with a Cronbach's alpha of .84 in this sample.
Behavior problems
The Delinquent scale of the Youth Self-Report Inventory (Achenbach, Dumenci, & Rescorla, 2001 ) and the Child Behavior Checklist were used to assess the participants' behavior problems. Adolescents and one of their parents indicated the extent to which the focal adolescent had committed delinquent behaviors during the past 6 months. The Youth Self-Report Inventory and the Child Behavior Checklist have been translated into Chinese and used widely in previous research (Leung et al., 2006) . The Cronbach's alpha of the Delinquent scale was .80 and .78 for the self-reported and parent-reported versions, respectively.
Statistical analyses
All statistical analyses were done using SPSS 22.0. Descriptive statistics were used to summarize the sleep patterns of Chinese adolescents. Multivariant regression was used to explore the influences of sleep habits and sleep length on depression and behavior problems.
First, since there were extreme values in the responses of waking-up time and bedtime, the medians and percentiles were used instead of the means. The sleep lengths on weekdays and weekends were calculated separately, and the differences between them were calculated by subtracting the sleep length on weekdays from that on weekends.
The correlations among all variables were calculated. Since the correlation between paternal and maternal education was fairly high (r = .66), only paternal education level was entered as a control variable into the subsequent regression. Bedtimes on weekdays and weekends were also highly correlated (r = .58). Therefore, only the midpoint of weekend sleep time was entered into the subsequent regression.
In the regression analyses, the z-scores of the midpoints of weekend sleep time were used as the indicators of sleep habits. Sex, age, family economic status, paternal education level, and urban-rural differences were entered as control variables. The regression was carried out separately for three dependent variables, namely, depression, self-reported behavior problems, and parent-reported behavior problems; it was also conducted for the whole sample and the three different school levels. Finally, coefficient differences in sleep habits and sleep length across sexes and school levels were tested (Clogg, Petkova, & Haritou, 1995) .
Results
Sleep pattern of Chinese adolescents
The average sleep length of Chinese adolescents was 8.1 AE 1.2 hr on weekdays, and 9.7 AE 1.3 hr on weekends. The difference in sleep length between weekdays and weekends was significant (t = 0.253, p < .001) and the correlation between sleep length on the weekdays and weekends was .27 (p < .001).
The medians of wake-up time and bedtime for each grade are shown in Table 2 . Comparing the weekday and weekend sleep habits, adolescents woke up much later on weekends than on weekdays, but their bedtime was similar. With the increase in grade, adolescents' bedtimes on weekdays were postponed by 2 hr, while their bedtimes on weekends were postponed by less than 1 hr.
The percentage of adolescents who slept later on weekends than on weekdays decreased with grade, while the percentage of adolescents who slept earlier on weekends than on weekdays increased with grade (see Table 2 ). As shown in Table 2 , the gap in sleep length between weekdays and weekends increased from 0.6 hr in Grade 5 to 2.3 hr in Grade 12. In each grade, the sleep length between weekdays and weekends differed significantly (ps < .05).
The percentage of adolescents who slept for less than 7 hr on weekdays increased with grade, while the percentage of adolescents who slept for less than 7 hr on weekends remained the same (ps < .05), as shown in Table 2 and Figure 1 .
Association with depression/behavior problems The correlations among variables are shown in Table 3 . Self-reported depression and self-reported behavior problems were significantly correlated with age, but parentreported behavior problems did not correlate with age. All three dependent variables significantly correlated with weekday sleep length, and weekday and weekend bedtimes, but not with weekend sleep length, suggesting that emotional and behavioral problems may not be associated with the natural need of sleep length.
The regression results are shown in Tables 4-6. The sleep habits, which were operationalized as the midpoint of weekend sleep, significantly predicted depression and behavior problems in the entire sample and also in subsamples of the primary school, junior high school, and senior high school students. The students who preferred going to bed late had more emotional (β = .09, p < .01) and behavioral problems (β = .19, p < .01; β = .11, p < .01). However, the associations of sleep length with depression and behavior problems are complicated. For depression, a longer weekday sleep length was associated with less depression (β = -.12, p < .01). For behavior problems, a longer weekday sleep length was associated with more problems in the whole sample (β = .12, p < .01). However, the associations between them were quite different in different grades.
Different associations by grades
The equality of the regression coefficients (Clogg et al., 1995) was tested to explore whether there were differences in the associations between the sleep variables and outcomes in different sexes and school levels. For primary school students, the influence of sleep habits on both self-reported depression and behavior problems was relatively low. Depression was strongly related to sleep length in all levels and sexes except for boys in junior high school (β = -.03, p = .067). It showed that a shorter sleep length was significantly associated with greater depression.
For behavior problems, the influence of sleep length differed by different school level. For primary school students, a shorter sleep length was associated with more selfreported behavior problems (boys: β = -.15, p < .01; girls: β = -.20, p < .01). However, for high school students, the direction of this association changed and a longer sleep length was associated with more self-reported and parentreported behavior problems (boys: β = .08, p < .01; girls: β = .04, p < .01).
Among all 18 pair variable tests, only two pairs showed significant differences: the coefficient of sleep length with depression among junior high school students and the coefficient of sleep length with parent-reported behavior problems among senior high school students.
The influence of sleep habits among primary school students was relatively smaller than that of high school students. In other words, during primary school, a longer sleep length is associated with fewer behavior problems; for high school, a longer sleep length is associated with more behavior problems (shown in Figure 2 ).
Discussion
The present study mainly aimed to investigate the relationship between sleep patterns and mental health in a largescale sample of Chinese adolescents, and attempted to explain correlations for different grades. Our study may contribute to a better understanding of the comprehensive relationship between sleep and emotional and behavioral problems in adolescent results.
Chinese adolescents' sleep habits
The present study showed that the average weekday sleep length for Chinese adolescents was less than 8 hr from Grade 9. Students only sleep 7 hr and 10 min during Grade 12, which is significantly less than the recommended sleep duration of 9 hr (Carskadon, Acebo, & Jenni, 2004) . With the increase in grade, the lack of sleep became worse. Short sleep duration in Chinese high school students may be attributed to staying up too late and getting up early as a result of morning class before breakfast, heavy homework, and late evening activities (Liu & Zhou, 2002; Sun et al., 2014) .
We also found considerable gaps in sleep length between weekdays and weekends. Adolescents' sleep length on weekdays decreased by more than 2 hr from Grade 5 to 12, while their weekend sleep length decreased by less than 1 hr. This finding is in accordance with previous studies from other countries (Hansen et al., 2005; Russo, Bruni, Lucidi, Ferri, & Violani, 2007; Sivertsen, Harvey, Lundervold, & Hysing, 2014) . Based on the assumption that weekend sleep better represents the students' natural need for sleep, one may infer that although the internal need for sleep decreases during adolescence, the external environment (e.g., school schedule) encourages adolescents to decrease their sleep length much more rapidly (Wolfson & Carskadon, 1998) . Thus, as the gap in sleep length between weekdays and weekends increases with grade, sleep deprivation becomes worse. The increasing percentage of students who slept less than 7 hr on weekdays also supports this notion. Furthermore, the situation among senior high school students was much more severe than that among other students. The sleep deprivation of senior high school students requires far more attention from the government and the education system. A study showed that irregular sleep was a factor for early adolescents' aggression and underscored the importance of sufficient and regular sleep for resilience (Lemola et al., 2012) . Another study acknowledged that in certain youngsters, the directionality of the cause-effect relationship may reverse (Wolfson & Carskadon, 1998) . Given that the Chinese school system is different from that of Western countries (Liu et al., 2008) , exploring sleep schedules on weekdays and weekends separately has provided greater insight into adolescents' sleep patterns.
The gap between weekdays and weekends indirectly indicates chronic sleep deprivation. Sleep deprivation has been reported to have negative impacts not only on mood and behavior (Barnes & Meldrum, 2015; McKnight-Eily et al., 2011) , but also on physical health (Spiegel, Sheridan, & Van Cauter, 2002) . For adolescents, the negative impact of sleep shortage may be more profound, highlighting the need for future longitudinal studies and more attention from the whole society.
When analyzed by grade, adolescents' sleep patterns changed steadily. Bedtimes on both weekdays and weekends were dramatically postponed, showing a change toward evening-type preferences, which is consistent with previous research (Liu et al., 2008) . Furthermore, the postponement of weekday bedtimes was more dramatic than that of weekend bedtimes. One may infer that although adolescents gained a delayed phase preference, the pressures of school also delayed their bedtimes on weekdays (Boergers, Gable, & Owens, 2014) . Also, Chinese adolescents often feel the need to lengthen their study time due to study pressures (Wong et al., 2013) . Children tend to go to bed later on weekends when they do not have to wake up early the next day (Meijer et al., 2000) , which is especially true in primary school: Threequarters of primary school children in our study went to bed later on weekends. However, we observed a different phenomenon in senior high school due to college entrance exams pressure. More than one-third of the adolescents slept earlier on the weekend, because they may have stayed up later on weekdays due to homework or exams (Sun et al., 2014) .
Sleep and depression
Our study supports the view that having poor sleep habits is a significant contributor to depression in the regression models for different samples and informants. We speculate that delays in sleep-wake behavior make it difficult to follow a daily schedule, which increases the risk of depression. Additionally, studies have proven that evening-type students have poorer academic achievement and worse exam scores (Beşoluk, 2011) . This can cause more pressure, putting the students into a chronically harmful environment. There are common underlying factors that contribute to both poor sleep habits and mental health risk (Barnes & Meldrum, 2015) , such as the lack of selfregulation (Rofey, McMakin, Shaw, & Dahl, 2013) , the influence of gonadal hormones (Tarokh, Carskadon, Rusterholz, & Achermann, 2011) , or even common genes (McAdams et al., 2013) .
A reduced sleep length has detrimental effects on a range of developmental-related outcomes during adolescence (Crowley et al., 2007; Gradisar et al., 2011) . In our study, self-reported depression was significantly correlated with weekday sleep length and weekday and weekend bedtime, suggesting that natural sleep length may not be associated with emotional problems. Those findings were consistent with previous results that a short sleep length may increase daytime tiredness, which is a predictor of depression (Barnes & Meldrum, 2015) . Furthermore, increased negative events and emotions caused by tiredness could eventually predispose students to depression (Morris, Bylsma, & Rottenberg, 2009) . There is an overlap between depression and insufficient sleep, thus greater attention should be paid to adolescents who exhibit one of these factors. Further studies are needed to examine the pathological mechanism of sleep and depression.
Sleep and behavior problems Poor sleep habits significantly predicted behavior problems in the entire sample. Late sleep time may be an indicator for adolescents with behavior problems just as previous studies have shown (Gau et al., 2007; Susman et al., 2007) . Studies have shown that postponing the morning session can effectively prolong sleep time and boost daytime performance (Boergers et al., 2014; Gariépy, Janssen, Sentenac, & Elgar, 2016; Paksarian, Rudolph, He, & Merikangas, 2015) . However, a new survey from the United Kingdom showed that postponement of class does not improve the status quo (Skeldon, Phillips, & Dijk, 2017) . Related conclusions still require more research support, and meeting the sleep needs of students is a major problem that policy-makers, schools, teachers, and parents need to consider. In China, taking a nap around noon is a social norm that has been well embedded in the culture till now. Most Chinese schools provide a 1-2-hr break around noon, encouraging students to take a short nap, especially in summer. Considering the tradition and present school schedule, a short afternoon nap that can modulate tiredness might be feasible and useful (Kaida, Takeda, & Tsuzuki, 2012; Lucassen, 2013) .
The influence of sleep length on behavior problems varies by symptoms and age groups. A shorter sleep length is linked to more behavior problems only at the primary school level. In junior and senior high school, a longer sleep length is linked to more behavior problems. Our finding is inconsistent with those of a previous study by Liu and Zhou (2002) . The results might reveal a different mechanism for behavior problems in different age groups. Moreover, a longer sleep length disagrees with the heavier pressure and busier schedules that accompany increasing age. Sleep length can indirectly reflect the time that students put into studying, and it can also be a criterion for behavior problems if adolescents display evening-type preferences (e.g., late for school and school absence). Given the reversal that occurs from primary school to high school, sleep length may also be a consequence of brain development (Colrain & Baker, 2011) .
We found that behavior problems are related to less sleep both on weekdays and weekends. One explanation may be the reduced daily activities caused by sleep shortage (Gupta, Mueller, Chan, & Meininger, 2002) . The degree of insufficient sleep is related to behavior problems, not the natural need for sleep. There are also differences regarding the type of behavior problems related to short sleep length (Liu & Zhou, 2002) . The directionality of the relationship between sleep length and behavior problems is unclear, and more studies about the brain, genes, and developmental rhythm are needed.
Limitations
In interpreting these results, it is important to consider some methodological limitations of this study. One of the obvious limitations is that the present study was based on cross-sectional data, which makes it impossible to draw cause-effect conclusions. Thus, the directionality of the association between sleep and emotional/behavioral problems was unclear. Additionally, there may be common genes that explain these phonotypes (McAdams et al., 2013) . Longitudinal gene-sensitive studies are needed to clarify the internal association.
Second, the sleep habits reported in the present study relied on adolescents' self-report, which may be inaccurate. As previous studies have found, people tend to estimate a longer sleep length on the weekend than that indicated in objective records (Kwon, Oh, & Hong, 2015) . Thus, a sleep log and an actigraph may be needed in the future for replication.
Because people's needs for sleep vary from person to person, sleep length is not a perfect indicator of sleep shortage; however, it is likely that more individuals suffer from sleep shortage in the 5-hr sleep group than those in the 8-hr sleep group. Future research may be able to select more physiological indicators to mark sleep shortage.
Conclusions
The present study shows the features of Chinese adolescents' sleep patterns, including sleep length and sleep irregularity. We examined sleep patterns and their association with depression and behavior problems among Chinese adolescents. Sleeping less related to depression in all grades. More behavior problems were observed in primary school students who had less sleep and in senior high school students who had more sleep than their peers. The current study also provides evidence that a preference for going to bed late was a stable risk for both depression and behavior problems.
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